Abstract: Arid mangroves constitute a particular biotope, with very extreme variations in ecological conditions, mainly temperature and salinity, condition that demand specific adaptations to successfully inhabit this ecosystem. Cyanoprokaryotes have not been well studied in Mexican coasts and this is the first study that contributes to the knowledge of the biodiversity of this group in an arid mangrove in Zacatecas estuary, Baja California Sur, Mexico. Samples of Avicennia germinans pneumatophores from Zacatecas estuary were collected between May 2005 and May 2006. The identification of the most representative Chroococcales produced 10 morphotypes, described morphologically and digitally registered for the first time for Mexico. We report species of Aphanocapsa, Chroococcus, Hydrococcus, Chamaecalyx, Dermocarpella and Xenococcus. Some taxa have been recorded in brackish or even marine environments from other regions, evidencing the wide geographical distribution and ecological adaptability of these organisms, but some others are probably new to science. Some species have a specific seasonal and vertical distribution on the pneumatophore but other have a more ample distribution. Aphanocapsa littoralis and Chroococcus cf. obliteratus are new records for benthic biotopes of Pacific Mexico; Dermocarpella cf. stellata is a new record for the Gulf of California.
Introduction
Mangroves are one of the most biologically important ecosystems in the coastal areas, they play important ecological functions taking part in the stabilization of sediments, act as a natural barriers for big waves produced by hurricanes, tsunamis, etc., are an important source of nutrients, home to a large number of species of flora and associated fauna, and forming areas of breeding, rearing, feeding, growth and protection from predators for a great variety of organisms (FLores-verdugo 1990; Dawes 1998; Mann 2000) .
Furthermore, it is one of the most productive ecosystems in the world, functioning as natural traps of organic matter. Their productivity values vary with the type of primary producers (mangroves, microalgae and macroalgae) found in this ecosystems, the time of year and water physicochemical characteristics which depend in turn on the water circulation patterns, since this carries nutrients vertically and horizontally (Trainor 1988) . Mangrove forest, common along many tropical and some subtropical coastal lagoons are inhabited by a diverse cyanoprokaryote community which reside on leaves, roots litter, live roots and often form extensive mats on the surrounding sediment (PoTTs 1979 (PoTTs , 1980 PoTTs & WhiTTon 1980; sheridan 1991; PhiLLiPs et al. 1994 PhiLLiPs et al. , 1996 . Also, many of these communities are capable of N 2 fixation (ToLedo et al. 1995; hoFFmann 1999) . There have been several studies in different parts of the world that describe epiphytic algal communities on pneumatophores, however the cyanoprokaryotes from Eastern Pacific mangroves have received little attention and only few species have been reported, mainly from order Oscillatoriales (BurkhoLder & ALmodovar 1973; Bashan et al. 1988; Rodriguez & SToner 1990; PhiLLiPs et al. 1994 PhiLLiPs et al. , 1996 ToLedo eT aL. 1995a; Branco et al. 1996; Laursen & King 2000; Nogueira & Ferreira-correia (Bashan et al. 1988) . In this biotope, the main N 2 fixers were cyanoprokaryotes (ToLedo et al. 1995b) , implying that interaction of cyanoprokaryotes and mangrove seedlings is mutually beneficial and suggests the use of the first as inoculants for mangrove reforestation and rehabilitation. This paper provides information on biodiversity of cyanoprokaryotes of the most conspicuous populations of order Chroococcales that grow on Avicennia germinans pneumatophores from Zacatecas estuary, Baja California Sur, Mexico, an arid mangrove located in the southwestern Gulf of California. Chroococcaleans are of special interest because several species had not been reported since SeTcheLL & Gardner (1919 , 1924 and Gardner (1918a, b) described them for the Pacific Coast of North America and Gulf of California. Zacatecas estuary represents the most northern mangrove distribution in the eastern Pacific; in a Gulf of California arid zone which does not have a constant supply of fresh water and rainfall. In this site, mangrove grow under suboptimal conditions, in strictly tidal saltwater and their communities are far shorter and less extensive than in other parts of the tropics (WhiTmore et al. 2005) .
Materials and Methods
Zacatecas estuary (24°10.359' N; 110°26.080 W) is located in the Ensenada de La Paz, Baja California Sur, Mexico (Fig. 1) (Fig. 1) . Two pneumatophores were collected for each sample date and these were fixed in 4% formaldehyde in sea water at the site. The pneumatophores were washed with fresh water to remove sediment and organic matter. Conspicuous cyanoprokaryotes growths were scraped with a bisturi, and semi-permanent slides in glycerin gel were made. Observations, measurements and micrographs were made with an Olympus BX51 microscope and Sigma Scan Pro 5 software. Komárek & AnagnosTidis (1998) system was used for the systematic of Chroococcales, SeTcheLL & Gardner (1924) and Guiry & Guiry (2010) for macroalgae.
Results
We present the first report and morphological description of 10 species of chroococcalean cyanoprokaryotes from a Mexican arid mangrove. They belong to 6 families of the order Chroococcales: Merismopediaceae, Chroococcaceae, Hydrococcaceae, Chamaesiphonaceae, Dermocarpellaceae and Xenocococcaceae and represent the first records for these species populations for the Gulf of California. Nostocales and Oscillatoriales descriptions will be presented elsewhere.
A detailed morphological description with data on spatial and temporal distribution on pneumatophores is provided for the populations that were most conspicuous and presented different stages of their life cycle.
Family Merismopediaceae Elenkin 1933 Subfamily Merismopedioideae
Aphanocapsa littoralis (Hansgirg) Komárek et Anagnostidis 1995. (Fig. 2) Colonies obvovoidal, pseudospherical to irregular shape, formed by 30 or more cells contained in a sheath. Sheath homogeneous, hyaline, diffluent, up to 55 μm in diameter, with an irregular and usually diffuse margin. Sometimes subcolonies formed by 4 or more cells are found within the main colony. Cells light green to blue-green, ovoid to spherical, 1-3.8 × 1.3-2.7 μm length/ wide (l/w), with a light centroplasm. Cells with individual hyaline sheaths, but sometimes not evident; length/wide 1.2-1.7 μm. Cells divide by binary fission in 3 planes, with daughter cells growing to parental cell size before division. Aphanocapsa sp. (Fig. 3) Colonies ovoid in shape, formed by a few, widely separated cells. Colonial sheath homogeneous, hyaline to yellowish, firm, up to 70 μm in diameter, with a regular margin. Cells brownish to yellowish, ovoid to subspherical, 6-7 × 5-6 μm in diameter, with a light centroplasm. Cells with evident individual sheaths; length/wide 1.1-1.2 μm. Cells divide by binary fission in 2 planes, with daughter cells growing to parental cell size before division. We distinguish this morphotype from A. littoralis because of a lack of subcolonies, as well as a larger cell size, color and wider cell to cell distance. Occurrence: Reported for July and November 2005, as well as January 2006, growing near root pneumatophores.
Family Chroococcaceae Nägeli 1849
Chroococcus cf. obliteratus Richter 1886. (Fig.  4) Colonies of 2-4 cells hemispherical to a slightly rounded prism in shape, 6-8 μm in diameter. Cells blue-green to slightly yellowish, without cytoplasmic granulations, separated and surrounded by an ample hyaline sheath, 2-3 × 1-1.9 μm in diameter. Colony sheath not lamellate, firm inside and diffluent outside. Reproduction by regular binary fission in 3 planes.
It differs from Komárek and AnagnosTidis (1998) 
Family Hydrococcaceae Kützing 1843
Hydrococcus sp. (Fig. 7) Colonies 25 μm in diameter, formed by the aligned arrangement of erect pseudofilaments, forming discs that grow radially. Pseudofilaments 3-4 cells high, perpendicular to the substrate. In superior sight only discs are perceived. Cells mostly cylindrical to cubical in shape and apical ones hemispherical to irregular, with homogeneous blue-green cytoplasm, 1-2 × 1-1.2 μm long/wide without sheath. Cell sheath hyaline, evident, 0.2 to 0.7 μm wide.
Not very well known group, with 4 species described. The three freshwater and only one marine species: H. marinus Grunow have cells several (up to 4-5) times larger. Very different in biotope, general colony aspect, cell size and morphology from descriptions and drawings of species previously described, therefore it is probably a new species.
Occurrence: Found in October, November, 2005 and May 2006, not close to pneumatophore roots on Rhizoclonium sp.
Family Chamaesiphonaceae Borzì 1882
Chamaecalyx sp. (Fig. 8) Heteropolar cell pyriform or maze shaped, isolated or in small groups. Mother cell blue-green, with very granulose cytoplasm, up to 30 μm long with a firm and hyaline sheath, adhered to the substrate by a narrower base. Apical part 11-13 μm in diameter and basal part 6.7 to 9.2 μm wide.
When undivided, the cell has maze shape; sometimes basal part is slightly thinned upwards and subsequently widens towards to the top. Initially cell divides parallel to the substrate 1-3 times producing 2-4 cells lengthwise oriented, and later perpendicular and irregular division planes occur, generating 6-8 exocytes.
Similar in cell size to Ch. leibeiniae (Reinsch) Komárek et AnagnosTidis, but cell shape is different and length/width reason is larger. Ch. algarvensis (Ardré) Komárek et AnagnosTidis is different as it has much shorter cell size, is red and with many exocytes. Probably an undescribed species.
Species of this genus are reported for the Mediterranean sea, both sides of Atlantic and also (Fig. 9 ) Hemispheric cell with a thick, firm, hyaline sheath. Undivided cells have a dome shape and are 9.7-11.8 μm in wider diameter and 7.5-10.5 μm in height. Sheath 12.8-1.7 μm in diameter and 9.7 a 15.2 μm in height. Basal cell is 3-4.6 μm high and the apical one is 3.2-5.6 μm high. Some cells sometimes present a dark spot and an apical protuberance called "papilla" that also is seen in the sheath. Sometimes the cell divides parallel to the substrate. No baeocytes were observed. It is similar to the species description (León-Tejera & MonTejano 2000), but some cells are slightly larger. First report for benthic biotopes of the Gulf of California. It is one of the six described species for the genus, and one of two reported for Mexico´s tropical Pacific, therefore considering its small size, probably it is more common than it is reported in tropical marine biotopes.
Occurrence: It was found growing as epiphyte on Boodleopsis sp., Rhizoclonium sp., as well as on the pneumatophore cortex, next to the roots. It was relatively frequent in November 2005.
Family Xenococcaceae Ercegović 1932
Xenococcus cf. chaetomorphae Setchell et Gardner in Gardner 1918a. (Fig. 10) Colony formed by subspherical to ovoid cells that can develop a polyhedral or rhomboid shape when compressed by neighboring cells in the middle of the colony. Cells with blue-green to brownish granulose cytoplasm 9-17.5 × 5-16 μm in diameter. Sheaths very evident, hyaline to yellowish, firm, 1.5-2.2 μm wide. Some cells show a dark spot near the cell wall. No baeocytes observed.
Reported for Pacific USA and Southeast Asia. It is considered by some authors as a taxonomic synonym of Dermocarpa chaetomorphae (SeTcheLL et Gardner) P.C. SiLva, however Dermocarpa is no longer considered as a valid genus.
Similar to X. pyriformis SeTcheLL et Gardner but with slightly larger cells and different colony and cell shape. It differs from X. gaditanus GonzáLez in colony disposition, division pattern and its epiphytic versus epizoic habit.
A previous report for genus Xenococcus, X. kernerii reported by Mendoza-GonzáLez & Ma- Teo -Cid (1985) for the Pacific of Baja California, actually is not a valid species.
Occurrence: It was found on May and November 2005. It grows on mucilage that covers part of the pneumatophore, near the roots.
Xenococcus sp. (Fig. 11 
Discussion
This study is the first one in the area and in this particular biotope that describes in detail local cyanoprocaryote populations. Even though the results concern only the most representative morphotypes found on the pneumatophores, results obtained show a considerable number of new records for the Gulf of California and probably some will be later characterized as new species to science, but more detailed studies are necessary to confirm this.
Considering reports from other Latin America mangrove studies such as Branco et al. (1996) , it is evident that Chroococcales constitute an important element of this type of biotope but there are geographical differences at the species and even generic composition. For example, we share with Branco et al. (1996) only genus Xenococcus and Chroococcus, but with different species. In the case of Nogueira & Ferreira-correia (2001) , we share only genus Xenococcus. Pacific Mexico marine algae studies deal mainly with macroalgae, those on mangroves are few and most of them don't include descriptions. The comparison with local studies reveals a different composition, probably derived from being just a few and all of them non taxonomic studies.
For the Pacific coast of Baja California there are very few studies dealing with chroococcales, Mendoza-GonzáLez & MaTeo-Cid (1985) report Dermocarpa prasina (Reinsch) BorneT, Xenococcus kerneri Hansg. and Chroococcus turgidus (KüTzing) NageLi but Dermocarpa is not a valid genus and X. kerneri, that actually belongs to genus Xenotholos, and Ch. turgidus that according to Komárek & AnagnosTidis (1998) are found mainly in continental waters, so probably were misidentified. Concerning Gulf of California studies, we do not share any genus or species with those of Bashan et al. (1988) and ToLedo et al. (1995a) as they report only one Chroococcalean, an Aphanothece morphotype, and with LóPez-corTés (1990) also we do not share any species as his marine reports are mainly from peculiar biotopes such as intertidal microbial mats and shrimp ponds.
Previous non taxonomic studies performed nearby (Balandra mangroves by ToLedo et al. 1995a ) showed a particular vertical distribution where members of Oscillatoriales colonized mainly parts closer to the sediments and central parts, whereas upper parts were covered by coccal cyanobacteria such as Aphanothece. In this study we didn´t find this type of evidence. Even though we didn´t include Oscillatoriales in our study, concerning the Chroococcales as a group, we didn´t find a common pattern in their vertical distribution. At species levels, however, some were found mainly in a particular area such as near the roots but others were found throughout all the pneumatophore, such as Chamaecalyx sp. and Chroococcus spp. All of the reported species were epiphytic either directly on the Avicennia germinans cortex, or on Rhizoclonium sp., Boodleopsis sp. or Bostrychia sp. that were also mangrove epiphytes. Concerning temporal distribution, each species also had a different pattern; some like Chroococcus sp2 had an ample temporal presence whereas others such as Dermocarpella cf. stellata were registered only for a certain season.
It is probable that the spatial and temporal distribution of several morphotypes is underestimated due sometimes to the difficulties obtaining representatives of different stages in species with complex life cycles that could allow obtaining a clear taxonomic identification.
Pristine mangroves may present higher richness that perturbed ones (SjoLing et al. 2005) . In this case, Zacatecas mangrove can be considered a fairly pristine one, but the inventory is not complete and there are nonequivalent taxonomic studies in the region to compare, therefore more intensive and extensive studies in the area are needed to confirm that idea. Besides, we want to stress that as Sundararaman et al. (2007) remark, studies on cyanoprokaryotes associated with mangroves are important not only because of their abundance, but also of their high capability for nitrogen fixation, by which are natural inoculant candidates for future reforestation and rehabilitation of destroyed mangroves.
Mangroves constitute one of the largest ecosystems, covering around 60-70% of coastal areas of the tropics and they are now in decline, threatened by strong urban pressures; this is the case of numerous coastal areas near Zacatecas mangrove. Arid mangroves in particular cover a restricted area in Mexico and are specially distributed in the Gulf of California, therefore it is expected that further studies will increase the inventory as well as new records of cyanoprokaryotes, both for the region and this particular biotope.
